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Description 



[METHOD OF FABRICATING A FLASH 

MEMORY] 

Cross Reference to Related Applications 

[0001] This application claims the priority benefit of Taiwan ap- 
plication serial no. 93103279, filed February 12, 2004. 
Background of Invention 

[0002] Field of the Invention 

[0003] jhe present invention relates to a method of fabricating a 
memory device. More particularly, the present invention 
relates to a method of fabricating a flash memory and 
floating gate. 

[0004] Description of Related Art 

[0005] Flash memory is a type of electrically erasable pro- 
grammable read-only memory (EEPROM). Flash memory is 
a memory device that allows multiple data writing, reading 
and erasing operations. The stored data will be retained 
even after power to the device is removed. With these ad- 



vantages, it has been broadly applied in personal com- 
puter and electronic equipment. In addition, the flash 
memory is also a type of high-speed non-volatile memory 
(NVM) that occupies very little space and consumes very 
little power. Moreover, erasing is carried out in a block- 
by-block fashion so that the operating speed is higher 
than most conventional memory devices. 

[0006] a typical flash memory device has a floating gate and a 
control gate form by doped polysilicon. The control gate 
is set directly above the floating gate with an inter-gate 
dielectric layer separating the two. Furthermore, a tunnel- 
ing oxide layer is also set up between the floating gate 
and the underlying substrate (the so-called stacked gate 
flash memory). To operate the flash memory, a positive or 
negative voltage is applied to the control gate so that 
electric charges can be injected into or released from the 
floating gate resulting in the storage or erasure of data. 

[0007] FIGS. 1A and IB are cross-sectional views showing part of 
a prior art process flow of fabricating a flash memory de- 
vice. 

[0008] First, as shown in Fig. 1A, a substrate 100 having a plu- 
rality of device isolation structures 102 thereon for defin- 
ing active regions 104 and a tunneling dielectric layer 106 



on the active regions 104 is provided. 

[0009] Then a conductive layer 108 is formed over the substrate 
100 to cover the device isolation structures 102 and the 
tunneling dielectric layer 106. Thereafter, a planarization 
operation is carried out to remove a portion of the con- 
ductive layer 108 and smooth out the top surface of the 
conductive layer 108. 

[0010] As shown in Fig. IB, the conductive layer 108 is patterned 
for forming a plurality of trenches exposing portions of 
the isolation structures 102. The remaining conductive 
layer 108 serves as a floating gate 110. An inter-gate di- 
electric layer 112 is formed over the substrate 100, cover- 
ing the floating gate 110. A control gate 114 is formed on 
the inter-gate dielectric layer 112. 

[0011] | n addition, the aforementioned process utilizes a chemi- 
cal-mechanical polishing (CMP) operation to planarize the 
conductive layer 108. Without a reference polishing stop 
layer, the thickness of conductive layer 108 retained after 
each chemical-mechanical polishing operation will be dif- 
ferent. In other words, there is no control over to the 
thickness of the floating gate 110. 

[0012] on the other hand, a higher gate-coupling ratio (GCR) be- 
tween the floating gate and the control gate requires a 



lower operating voltage. The methods of increasing the 
gate-coupling ratio include increasing the capacitance of 
the inter-gate dielectric layer or reducing the capacitance 
of the tunneling oxide layer. One method of increasing 
the capacitance of the inter-gate dielectric layer is to en- 
large the overlapping area between the control gate and 
the floating gate. Thus, minimizing the size of the 
trenches 107 is able to increase the overlapping area be- 
tween the floating gate and the control gate and thus in- 
crease the gate-coupling ratio between them. However, 
when the conductive layer 108 is patterned, size of the 
trenches 107 is constrained by the photolithographic and 
etching processes. In other words, it is difficult to de- 
crease the size of each trench 107 further. In the absence 
of any other method for increasing the overlapping area 
between the control gate and the floating gate, improving 

the performance of the memory device is difficult. 
Summary of Invention 

[0013] Accordingly, the present invention is directed to a method 
of fabricating a flash memory adapted to enhance the gate 
coupling ratio between the floating gate and the control 
gate for improving device performance. 

[0014] The present invention is also directed to a method of fab- 



ricating a floating gate adapted to resolve the prior art is- 
sue of controlling the thickness of the floating gate. 
[0015] According to an embodiment of the present invention, a 
substrate having a tunneling dielectric layer and a pat- 
terned mask layer sequentially formed thereon is pro- 
vided. The tunneling dielectric layer and the substrate are 
patterned by using the patterned mask layer as an etching 
mask for forming a plurality of trenches in the substrate. 
The trenches are filled with an isolation material for form- 
ing a plurality of isolation structures. A sacrificial material 
layer is formed over the substrate for covering the pat- 
terned mask layer and the isolation structures. The sacri- 
ficial material layer is patterned for forming a sacrificial 
layer in the isolation structure. The patterned mask layer 
is removed for exposing the tunneling dielectric layer. A 
first conductive layer is formed over the substrate. A por- 
tion of the first conductive layer is removed until a top 
portion of the sacrificial layer is exposed to form a float- 
ing gate. The sacrificial layer is removed and an inter-gate 
dielectric layer is formed over the substrate for covering 
the floating gate. A control gate is formed over the inter- 
gate dielectric layer, and a source region and a drain re- 
gion are formed in the substrate on each side of the con- 



trol gate. 

[0016] Because the thickness of the floating gate of the flash 

memory fabricated by the present invention is related to 
the thickness of the sacrificial material layer, the thickness 
of the floating gate can be adjusted by adjusting the 
thickness of the sacrificial material layer. Thus, the thick- 
ness of the floating gate can be precisely controlled. 

[0017] Additionally, the present invention can increase the area 
covered by the control gate and the floating gate by form- 
ing mini-size sacrificial layer. Therefore, the gate coupling 
ratio can be enhanced and the device performance is im- 
proved too. 

[0018] The present invention also provides an alternative method 
of fabricating a flash memory. A substrate having a plu- 
rality of isolation structures for defining an active region 
is provided. A tunneling dielectric layer and a patterned 
mask layer sequentially are formed on the active region of 
the substrate. A sacrificial layer is formed on the sub- 
strate. A lithographic-etching process is performed for 
retaining the sacrificial layer on the isolation structures. 
The patterned mask layer is removed for exposing the 
tunneling dielectric layer and a first conductive layer is 
formed over the substrate. A portion of the first conduc- 



tive layer is removed until a top of the sacrificial layer is 
exposed and the sacrificial layer is removed. 
[0019] Because the thickness of the floating gate of the flash 

memory fabricated by the present invention correspond to 
the thickness of the sacrificial material layer, the thickness 
of the floating gate can be adjusted by adjusting the 
thickness of the sacrificial material layer. Accordingly, the 
control of the thickness of the floating gate can be im- 
proved. 

[0020] it j S to be understood that both the foregoing general de- 
scription and the following detailed description are exem- 
plary, and are intended to provide further explanation of 

the invention as claimed. 
Brief Description of Drawings 

[0021] The accompanying drawings are included to provide a 

further understanding of the invention, and are incorpo- 
rated in and constitute a part of this specification. The 
drawings illustrate embodiments of the invention and, to- 
gether with the description, serve to explain the principles 
of the invention. 

[0022] pigs. 1A through IB are schematic cross-sectional views 
showing some of the steps for fabricating a conventional 
flash memory device. 



[0023] pigs. 2A through 2E are schematic cross-sectional views 
showing the steps for fabricating a flash memory accord- 
ing to one embodiment of the present invention. 
Detailed Description 

[0024] Reference will now be made in detail to the present pre- 
ferred embodiments of the invention, examples of which 
are illustrated in the accompanying drawings. Wherever 
possible, the same reference numbers are used in the 
drawings and the description to refer to the same or like 
parts. 

[0025] pigs. 2A through 2E are schematic cross-sectional views 
showing the steps for fabricating a flash memory accord- 
ing to one embodiment of the present invention. 

[0026] As shown in Fig. 2A, a substrate 200 such as a silicon 
substrate is provided. Thereafter, a tunneling dielectric 
layer 206, a conductive layer 208 and a patterned mask 
layer 210 are sequentially formed over the substrate 200. 
The patterned mask layer 210 has openings 202 that ex- 
pose areas for forming a device isolation structure. 

[0027] The tunneling dielectric layer 206 is silicon oxide layer 

having a thickness between about 70A to 90A formed, for 
example, by performing a thermal oxidation process. The 
conductive layer 208 is a doped polysilicon layer formed, 



for example, by performing a chemical vapor deposition 
process to form an undoped polysilicon layer (not shown) 
and then implanting ions into the undoped polysilicon 
layer to form a doped polysilicon layer. The thickness of 
the doped polysilicon layer is in a range between about 
500A to about 1000A. Furthermore, the patterned mask 
layer 210 is form by a material having an etching selectiv- 
ity that differs from the conductive layer 208, the tunnel- 
ing dielectric layer 206 and the substrate 200. The pat- 
terned mask layer 210 is a silicon nitride layer having a 
thickness between about 1500A to 2000A, for example. 
The patterned mask layer 210 is formed, for example, by 
performing photolithographic and etching processes. 

[0028] As shown in Fig. 2B, portions of the conductive layer 208, 
the tunneling dielectric layer 206 and substrate 200 are 
removed using the patterned mask layer 210 as an etch- 
ing mask to form a plurality of trenches 212 in the sub- 
strate. Ultimately, a tunneling dielectric layer 206a and a 
conductive layer 208a remain on top of the substrate 200. 
The trenches 212 have a depth, for example, between 
about 3000A to 4000A. 

[0029] Thereafter, an insulating material is deposited into the 

trenches 212 to form a plurality of device isolation struc- 



ture 214 for defining an active region 204. The device 
isolation structure 214 is formed, for example, by per- 
forming a high-density plasma chemical vapor deposition 
(HDP-CVD) process to form a layer of insulation material 
(not shown) and then performing a chemical-mechanical 
polishing (CMP) operation to remove material outside the 
trenches. 

[0030] it should be noted that the tunneling dielectric layer 206 
is formed before performing the processes related to fab- 
ricating the device isolation structures 214. This can pre- 
vent the formation of bird"s beak in the neighborhood of 
the device isolation structure due to a subsequent thermal 
process if the device isolation structure 214 is formed 
first. 

[0031] Then, a sacrificial material layer 216 is formed over the 

substrate 200, covering the patterned mask layer 210 and 
the isolation structures 214. The materials of the sacrifi- 
cial material layer and the conductive layer formed subse- 
quently have different etching selectivity. The sacrificial 
material layer 216 can be, for example, silicon nitride. The 
sacrificial material layer 216 can be formed by, for exam- 
ple, a chemical vapor deposition method, and have a 
thickness, for example, from about 1000 A to about 2000 



[0032] As shown in Fig. 2C, the sacrificial material layer 216 is 
patterned for forming sacrificial layer 216a on the isola- 
tion structures 214. In this embodiment, because the sac- 
rificial material layer 216 and the patterned mask layer 
210 have the same material, silicon nitride, the patterned 
mask layer 210 can be removed during the step of pat- 
terning the sacrificial material layer 216. Because the con- 
ductive layers 208a have an etching selectivity different 
from those of the sacrificial material 216 and the pat- 
terned mask layer 210, they can be reserved. 

[0033] Then, a conductive layer 218 is formed on the substrate 
200. Because the conductive layer 208a has been formed 
under the conductive layer 218, the conductive layer 218 
can be easily formed thereon. In addition, the conductive 
layer 218 is a doped polysilicon layer formed, for exam- 
ple, by performing a chemical vapor deposition process to 
form an undoped polysilicon layer (not shown) and then 
implanting ions into the undoped polysilicon layer to form 
a doped polysilicon layer. 

[0034] As shown in Fig. 2D, a portion of the conductive layer 218 
is removed to expose the top section of the sacrificial 
layer 216a so that the retained conductive layer 218a and 



the conductive layer 208a together constitute a floating 
gate 220. The method of removing a portion of the con- 
ductive layer 218 to expose the top section of the sacrifi- 
cial layer 216a includes performing a chemical-me- 
chanical polishing operation using the sacrificial layer 
2 16a with different etching selectivity as a polishing stop 
layer. Therefore, the thickness of the floating gate 220 
can be well controlled. In other words, during each pro- 
cess, the thickness of the conductive layer 218a can be 
kept substantially similar by forming the sacrificial layer 
216a with the same thickness, for keeping the thickness 
of the floating gate 220a substantially similar. 
[0035] Additionally, during forming the sacrificial layer 216a, a 
small-dimension sacrificial layer 216a can be formed for 
increasing the dimension of the conductive layer 218a. 
Therefore the area between the floating gate 220 and the 
control gate increases and the gate coupling ratio also en- 
hances. 

[0036] As shown in Fig. 2E, the sacrificial layer 216a is removed. 
The sacrificial layer 216a can be removed by, for example, 
a wet etching method using phosphoric acid solution as 
the etchant. Then, an inter-gate dielectric layer 222 is 
formed over the substrate 200 to cover the floating gate 



220. The inter-gate dielectric layer 222 is an oxide/ni- 
tride/ oxide composite layer, for example. The inter-gate 
dielectric layer 222 is formed, for example, by performing 
a thermal oxidation process to form a silicon oxide layer 
over the substrate 200 and then performing a chemical 
vapor deposition process to form a silicon nitride layer 
and another silicon oxide layer over the first silicon oxide 
layer. The oxide/nitride/oxide composite layer has a first 
oxide layer with a thickness between 40A to 50A, a silicon 
nitride layer with a thickness between 45A to 70A and a 
second silicon oxide between 50A to 70A. Obviously, the 
inter-gate dielectric layer 222 can be an oxide/nitride 
composite layer as well. 
[0037] a control gate 224 is formed over the inter-gate dielectric 
layer 222. The control gate 224 is a doped polysilicon 
formed, for example by performing a chemical vapor de- 
position process to form a layer of undoped polysilicon 
(not shown) and implanting ions into the undoped polysil- 
icon layer. Thereafter, a source region (not shown) and a 
drain region (not shown) are formed in the substrate on 
each side of the control gate 224. The source region and 
the drain region are formed, for example, by implanting 
impurities into the substrate 200 on each side of the con- 



trol gate 224. Since subsequent fabrication processes 
should be familiar to those skilled in the techniques, de- 
tailed description is omitted here. 

[0038] Aside from the aforementioned embodiment of the 

present invention, it should be noted that there is another 
embodiment. After removing the patterned mask layer 
210 in Fig. 2C, the conductive layer 208a is removed be- 
fore carrying out the step for forming the conductive layer 
218 and the processes as shown in Figs. 2D and 2E. 
Hence, the completed flash memory has a floating agate 
220 including just the conductive layer 218a. Further- 
more, in another preferred embodiment, a substrate 200 
with only a tunneling dielectric layer 206 and a patterned 
mask layer 210 thereon is provided in Fig. 2A. Thus, the 
floating gate 220 of the flash memory also includes a sin- 
gle conductive layer 218a only. 

[0039] | n summary, major advantages of the present invention 
includes: 

[0040] i. Because the thickness of the floating gate correspond 
to the thickness of the sacrificial layer, the thickness of 
the floating gate can be adjusted by adjusting the thick- 
ness of the sacrificial layer. Thus, the thickness of the 
floating gate can be precisely controlled. 



[0041] 2. The present invention can increase the area covered by 
the control gate and the floating gate by forming mini- 
size sacrificial layer. Therefore, the gate coupling ratio can 
be enhanced and the device performance is improved too. 

[0042] 3 Th e tunneling dielectric layer is formed before carrying 
out various steps for fabricating the device isolation 
structures. This can prevent the formation of bird"s beak 
in the neighborhood of the device isolation structure due 
to a subsequent thermal process when the device isolation 
structure is formed first. Ultimately, the electrical perfor- 
mance of the memory device is improved. 

[0043] it w i|| be apparent to those skilled in the art that various 
modifications and variations can be made to the structure 
of the present invention without departing from the scope 
or spirit of the invention. In view of the foregoing, it is in- 
tended that the present invention cover modifications and 
variations of this invention provided they fall within the 
scope of the following claims and their equivalents. 



